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TITLE 

CONTINUOUS MANUFACTURING PROCESS FOR a- OLEFINS 
FIELD OF THE INVENTION 

A continuous manufacturing process for Oc-olefins using 
certain iron containing ethylene oligomerization catalysts 
together with alky 1 aluminum cocatalysts, in which using a 
low ratio of AlrFe in the process results in a lowered for- 
mation of undesired polyethylene waxes and polymer, 

TECHNICAL BACKGROUND 

oc-Olefins are important items of commerce, billions of 
kilograms being manufactured yearly. They are useful as 
monomers for (co) polymerizations and as chemical intermedi- 
ates for the manufacture of many other, materials, for exam- 
ple detergents and surfactants. Presently most oc-olefins 
are made by the catalyzed oligomerization of ethylene by 
various catalysts, especially certain nickel complexes or 
aluminum alkyls, see for instance US4020121 and I. Krosch- 
witz, et al., Ed., Kirk-Othmer Encyclopedia of Chemical 
Technology , 4 th Ed., Vol. 17, John Wiley & Sons, New York, p 
839-858. 

Recently, as reported in US5955555 and US6103946, both 
of which are hereby incorporated by reference herein for all 
purposes as if fully set forth, it has been found that iron 
complexes of certain tridentate ligands are excellent cata- 
lysts for the production of oc-olefins from ethylene. Among 
the options for using such catalysts are those in which the 
iron complexes are used in conjunction with a cocatalyst, 
particularly an alkylaluminum cocatalyst such as an alkyla- 
luminoxane . 

It has recently been found, particularly in continuous 
processes using such iron complexes, that high molar ratios 
of Al : Fe lead to the undesirable formation of polyethylene 
waxes and polymers, which tend to foul the oligomerization 
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apparatus. It has now been found that lower Al:Fe ratios 
diminish the formation of these undesirable polyethylenes, 
while not otherwise significantly deleteriously affecting 
the process, 

SUMMARY OF THE INVENTION 

This invention concerns a method for reducing the for- 
mation of polyethylene waxes and polymers in a continous 
process for the production of a linear oc-olefin product, 
said continuous process comprising the step of contacting, 
in a continuous reactor, process ingredients comprising an 
ethylene oligomerization catalyst composition, ethylene and 
a cocatalyst, wherein: 

(a) the ethylene oligomerization catalyst composition 
comprises an iron complex of a compound of the formula 




wherein: 

R 1 , R 2 S.nd R 3 are each independently hydrogen, hydrocar- 
byl, substituted hydrocarbyl or an inert functional group/ 
provided that any two of R 1 , R 2 and R 3 vicinal to one another 
taken together may form a ring; 

R 4 and R 5 are each independently hydrogen, hydrocarbyl, 
substituted hydrocarbyl or an inert functional group; 

R 6 and R 7 are each independently a substituted aryl hav- 
ing a first ring atom bound to the imino nitrogen, provided 
that: 

in R 6 , a second ring atom adjacent to said first ring 
atom is bound to a halogen, a primary carbon group, a secon- 
dary carbon group or a tertiary carbon group; and further 
provided that 
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in R 6 , when said second ring atom is bound to a halogen 
or a primary carbon group, none, one or two of the other 
ring atoms in R 6 and R 7 adjacent to said first ring atom are 
bound to a halogen or a primary carbon group, with the re- 
mainder of the ring atoms adjacent to said first ring atom 
being bound to a hydrogen atom; or 

in R 6 , when said second ring atom is bound to a secon- 
dary carbon group, none, one or two of the other ring atoms 
in R 6 . and R 7 adjacent to said first ring atom are bound to a 
halogen, a primary carbon group or a secondary carbon group, 
with the remainder of the ring atoms adjacent to said first 
ring atom being bound to a hydrogen atom; or 

in R € , when said second ring atom is bound to a tertiary 
carbon group, none or one of the other ring atoms in R 6 and 
R 7 adjacent to said first ring atom are bound to a tertiary 
carbon group, with the remainder of the ring atoms adjacent 
to said first ring atom being bound to a hydrogen atom; and 
; (b) the cocatalyst comprises an alkyl aluminum com- 

pound; 

said method for reducing comprising the step of contacting 
said process ingredients in amounts such that the molar ra- 
tio of Al in the cocatalyst to Fe in the ethylene oligomeri- 
zation catalyst is about 2000 or less. 

Stated another way, the present invention concerns the 
use, in the aforementioned continuous process, of a molar 
ratio of Al in the cocatalyst to Fe in the ethylene oli- 
gomerization catalyst is about 2000 or less, to reduce the 
formation of polyethylene waxes and polymers in such a con- 
tinous process. 

The present invention also concerns a continuous proc- 
ess for the production of a linear a-olefin product, the 
process comprising the step of contacting, in a continuous 
reactor, process ingredients comprising an ethylene oli-, 
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gomerization catalyst composition, ethylene and a cocata- 
lyst, wherein: 

(a) the ethylene oligomerization catalyst composition 
comprises an iron complex of a compound of the formula 




wherein: 

R 1 , R 2 and R 3 are each independently hydrogen, hydrocar- 
byl, substituted hydrocarbyl or an inert functional group, 
provided that any two of R 1 , R 2 and R 3 vicinal to one another 
taken together may form a ring; 

R 4 and R 5 are each independently hydrogen, hydrocarbyl, 
substituted hydrocarbyl or an inert functional group; 

R 6 and R 7 are each independently a substituted aryl hav- 
ing a first ring atom bound to the imino nitrogen, provided 
that: 

in R 6 , a second ring atom adjacent to said first ring 
atom is bound to a halogen, a primary carbon group, a secon- 
dary carbon, group or a tertiary carbon group; and further 
provided that 

in R 6 , when said second ring atom is bound to a halogen 
or a primary carbon group, none, one or two of the other 
ring atoms in R 6 and R 7 adjacent to said first ring atom are 
bound to a halogen or a primary carbon group, with the re- 
mainder of the ring atoms adjacent to said first ring atom 
being bound to a hydrogen atom; or 

in R 6 , when said second ring atom is bound to a secon- 
dary carbon group, none, one or two of the other ring atoms 
in R 6 and R 7 adjacent to said first ring atom are bound to a 
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halogen, a primary carbon group or a secondary carbon group, 
with the remainder of the ring atoms adjacent to said first 
ring atom being bound to a hydrogen atom; or 

in R 6 , when said second ring atom is bound to a tertiary 
carbon group, none or one of the other ring atoms in R 6 and 
R 7 adjacent to said first ring atom are bound to a tertiary 
carbon group, with the remainder of the ring atoms adjacent 
to said first ring atom being bound to a hydrogen atom; and ' 

(b) the cocatalyst comprises an alkyl aluminum com- 
pound; 

characterized in that the molar ratio of Al in the cocata- 
lyst to Fe in the ethylene oligomerization catalyst is from 
about 5 to about 300. 

These and other features and advantages of the present 
invention will be more readily understood by those of ordi- 
nary skill in the art from a reading of the following de- 
tailed description. It is to be appreciated that certain 
features of the invention which are, for clarity, described 
below in the context of separate embodiments, may also be 
provided in combination in a single embodiment. Conversely, 
various features of the invention which are, for brevity, 
described in the context of a single embodiment, may also be 
provided separately or in any subcombination. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Herein, certain terns are used. Some of them are: 
A "hydrocarbyl group" is a univalent group containing 
only carbon and hydrogen. As examples of hydrocarbyls may 
be mentioned unsubstituted alkyls, cycloalkyls and aryls . 
If not otherwise stated, it is preferred that hydrocarbyl 
groups (and alkyl groups) herein contain 1 to about 30 car- 
bon atoms . 

By "substituted hydrocarbyl" herein is meant a hydro- 
carbyl group that contains one or more substituent groups 
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which are inert under the process conditions to which the 
compound containing these groups is subjected (e.g., an in- 
ert functional group, see below) . The substituent groups 
also do not substantially detrimentally interfere with the 
oligomerization process or operation of the oligomerization 
catalyst system. If not otherwise stated, it is preferred 
that substituted hydrocarbyl groups herein contain 1 to 
about 30 carbon atoms. Included in the meaning of "substi- 
tuted" are rings containing one or more heteroatoms, such. as. 
nitrogen, oxygen and/or sulfur, and the free valence of the 
substituted hydrocarbyl may be to the heteroatom. In a, sub- 
stituted hydrocarbyl, all of the hydrogens may be substi- 
tuted, as in trif luoromethyl . 

By 11 (inert) functional group" herein is meant a group, 
other than hydrocarbyl or substituted hydrocarbyl, which is • 
inert under the process conditions to which the compound 
containing the group is subjected. The functional groups 
also do not substantially deleteriously interfere with any 
process described herein that the compound in which they are 
present may take part in. Examples of functional groups in- 
clude halo (fluoro, chloro, bromo and iodo) , and ether such 
as -OR 50 wherein R 50 is hydrocarbyl or substituted hydrocar- 
byl. In cases in which the functional group may be near a 
transition metal (Fe) atom, the functional group alone 
should not coordinate to the metal atom (Fe) more strongly 
than the groups in those compounds that are shown as coordi- 
nating to the metal atom, that is they should not displace 
the desired coordinating group. 

By a *cocatalyst" or a "catalyst activator" is meant 
one or more compounds that react with a transition metal 
compound to form an activated catalyst species . One such 
catalyst activator is an u alkyl aluminum compound" which, 
herein, is meant a compound in which at least one alkyl 
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group is bound to an aluminum atom. Other groups such as, 
for example, alkoxide, hydride and halogen may also be bound 
to aluminum atoms in the compound. 

By a xx linear a-olefin product" is meant a composition 
predominantly comprising a compound (or mixture of com- 
pounds) of the formula H(CH 2 CH 2 ) q CH=CH 2 wherein q is an inte- 
ger of 1 to about 18. In most cases, the linear a-olefin 
product of the present process will be a mixture of com- 
pounds having differing values of q of from 1 to 18, with a 
minor amount of compounds having q values of more than 18. 
Preferably less than 50 weight percent, and more preferably 
less than 20 weight percent, of the product will have q val- 
ues over 18. The product may further contain small amounts 
(preferably less than 30 weight percent, more preferably 
less than 10 weight percent, and especially preferably less 
than 2 weight percent) of other types of compounds such as 
alkanes, branched alkenes, dienes and/or internal olefins. 

By a "primary carbon group" herein is meant a group of 

the formula -CH 2 / wherein the free valence is to' any 

other atom, and the bond represented by the solid line is to 
a ring atom of a substituted aryl to which the primary car- 
bon group is attached. Thus the free valence may be 

bonded to a hydrogen atom, a halogen atom, a carbon atom, an 
oxygen atom, a sulfur atom, etc. In other words, the free 
valence - — may be to hydrogen, hydrocarbyl, substituted hy- 
drocarbyl or a functional group. Examples of primary carbon 
groups include -CH 3 , -CH 2 CH (CH 3 ) 2 , -CH 2 C1, -CH 2 C 6 H 5 , -OCH 3 and - 
-CH 2 OCH 3 . 

By a * secondary carbon group " is meant the group 

CH 
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wherein the bond represented by the solid line is to a ring 
atom of a substituted aryl to which the secondary carbon 
group is attached, and both free bonds represented by the 
dashed lines are to an atom or atoms other than hydrogen. 
These atoms or groups may be the same or different. In 
other words the free valences represented by the dashed 
lines may be hydrocarbyl, substituted hydrocarbyl or inert 
functional groups. Examples of secondary carbon groups 
include -CH(CH 3 ) 2 , -CHC1 2 , -CH(C 6 H 5 ) 2 , cyclohexyl, 
-CH(CH 3 )OCH 3 , and -CH=CCH 3 . 

By a "tertiary carbon group" is meant a group of the 
formula 

cf" 

\ 

\ 

N 

wherein the bond represented by the solid line is to a ring 
atom of a substituted aryl to which the tertiary carbon 
group is attached, and the three free bonds represented by 
the dashed lines are to an atom or atoms other than 
hydrogen. In other words, the bonds represented by the 
dashed lines are to hydrocarbyl, substituted hydrocarbyl or 
inert functional groups. Examples of tetiary carbon groups 
include -C(CH 3 ) 3 , -C(C 6 H 5 ) 3 , -CC1 3 , -CF 3 , -C (CH 3 ) 2 OCH 3 , -C=CH, 
-C(CH 3 ) 2 CH=CH 2 , aryl and substituted aryl such as phenyl and 
1-adamantyl. 

By w aryl" is meant a monovalent aromatic group in whicl 
the free valence is to the carbon atom of an aromatic ring. 
An aryl may have one or more aromatic rings which may be 
fused, connected by single bonds or other groups . 

By "substituted aryl" is meant a monovalent aromatic 
group substituted as set forth in the above definition of 
"substituted hydrocarbyl". Similar to an aryl, a substi- 
tuted aryl may have one or more aromatic rings which may be 
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fused, connected by single bonds or other groups; however, 
when the substituted aryl has a heteroaromatic ring, the 
free valence in the substituted aryl group can be to a het- 
eroatom (such as nitrogen) of the heteroaromatic ring in- 
stead of a carbon. 

By a * first ring atom in R 6 and R 7 bound to an imino ni- 
trogen atom" is meant the ring atom in these groups bound to 
an imino nitrogen shown in (I), for example 

.c^ c — c 



J V 

C C 
N 



(ID 



or 



-N 



(III) 



the atoms shown in the 1 -position in the rings in (II) and 
(III) are the first ring atoms bound to an imino carbon atom 
(other groups which may be substituted on the aryl groups 
are not shown) . Ring atoms adjacent to the first ring atoms 
are shown, for example, in (IV) and (V) , where the open va- 
lencies to these adjacent atoms are shown by dashed lines 
(the 2, 6-positions in (IV) and the 2 , 5-positions in (V)). 



c 

II 



c — c 



=N (IV) or N 

-.6 



(V) 



In one preferred compotmd (I) R is 




(VI) 



and R is 
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(VII) 



wherein: 

R 8 is a halogen, a primary carbon group, a secondary 
carbon group or a tertiary carbon group; and 

R 9 , R 10 , R 11 , R 14 , R 15 , R 16 and R 17 are each independently 
hydrogen, hydrocarbyl, substituted hydrocarbyl or a func- 
tional group; 
provided that: 

when R 8 is a halogen or primary carbon group none, one 
. or two of R 12 , R 13 and R 17 are a halogen or a primary carbon . 
group, with the remainder of R 12 , R 13 and R 17 being hydrogen; 
or 

when R 8 is a secondary carbon group, none or one of R 12 , 
R 13 and R 17 is a halogen, a primary carbon group or a secon- 
dary carbon group, with the remainder of R 12 , R 13 and R 17 be- 
ing hydrogen; or 

when R 8 is a tertiary carbon group, none or one of R 12 , 
R i3 .arid R 17 is tertiary carbon group, with the remainder of 
R 12 , R 13 and R 17 being hydrogen; 

and further provided that any two of R 8 , R 9 , R 10 , R 11 , R 12 , R 13 , 
R 14 , R 15 , R 16 and R 17 vicinal to one another, taken together 
may form a ring . 

In the above formulas (VI) and (VII), R 8 corresponds to 
the second ring atom adjacent to the first ring atom bound 
to the imino nitrogen, and R 12 , R 13 and R 17 correspond to the 
other ring atoms adjacent to the first ring atom. 

In compounds (I) containing (VI) and (VII), it is par- 
ticularly preferred that: 
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if R 8 is a primary carbon group, R 13 is a primary carbon 
group, and R 12 and R 17 are hydrogen; or 

if R 8 is a secondary carbon group, R 13 is a primary car- 
bon group or a secondary carbon group, more preferably a 
secondary carbon group, and R 12 and R 17 are hydrogen; or 

if R 8 is a tertiary carbon group (more preferably a tri- 
halo tertiary carbon group such as a trihalomethyl) , R 13 is a 
tertiary carbon group (more preferably a trihalotertiary 
group such as a trihalomethyl), and R 12 and R 17 are hydrogen; 
. or 

if R 8 is a halogen, R 13 is a halogen, and R 12 and R 17 are 
hydrogen . 

In all specific preferred compounds (I) in which (VI) 
and (VII) appear, it is preferred that R 1 , R 2 and R 3 are hy- 
drogen; and/or R 4 and R 5 are methyl. It is further preferred 
that : 

R 9 , R 10 , R 11 , R 12 , R 14 , R 15 , R 16 and R 17 are all hydrogen; 
R 13 is methyl; and R 8 is a primary carbon group, more pref- 
. erably methyl ; or 

R 9 , R 10 , R 11 , R 12 , R 14 , R 15 , R 16 and R 17 are all hydrogen; 
R 13 is ethyl; and R 8 is a primary carbon group, more prefera- 
bly ethyl; or 

R 9 , R 10 , R 11 , R 12 , R 14 , R 15 / R 16 and R 17 are all hydrogen; 
R 13 is isopropyl; and R 8 is a primary carbon group, more 
preferably isopropyl; or - 

R 9 , R 10 , R 11 , R 12 , R 14 , R 15 , R 16 and R 17 are all hydrogen; 
R 13 is n-propyl; and R 8 is a primary carbon group, more pref- 
erably n-propyl; or 

R 9 , R 10 , R 11 , R 12 , R 14 , R 15 / R 16 and R 17 are all hydrogen; 
r 13 is chloro; and R 8 is a halogen, more preferably chloro; 
or 
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R 9 , R 10 , R 11 , R 12 , R 14 , R 15 , R 16 and R 17 are all hydrogen; 
R 13 is trihalomethyl, more preferably trif luoromethyl; and R 8 
is a trihalomethyl, more preferably trif luoromethyl . 

In another preferred embodiment of (I), R 6 and R 7 are, 
respectively 

R f / r19 R 24 R 23 



c — c 



/ V V /VV 



1 and 
(VIII) (IX) 

wherein: 

R 18 is a halogen, a primary carbon group, a secondary 
carbon group or a tertiary carbon group; and 

R 19 , R 20 , R 23 and R 24 are each independently hydrogen, hy- 
drocarbyl, substituted hydrocarbyl or a functional group; 
Provided that: 

when R 18 is a halogen or primary carbon group none, one - 
or two of R 21 , R 22 and R 25 are a halogen or a primary carbon 
group, with the remainder of R 21 , R 22 and R 25 being hydrogen; 
or 

when R 18 is a secondary carbon group, none or one of R 21 , 
R 22 and R 25 is a halogen, a primary carbon group or a secon- 
dary carbon group, with the remainder of R 21 , R 22 and R 25 be- 
ing hydrogen; 

when R 18 is a tertiary carbon group, none or one of R 21 , 
R 22 and R 25 is a tertiary carbon group, with the remainder of 
of R 21 , R 22 and R 25 being hydrogen; 

and further provided that any two of R 18 , R 19 , R 20 , R 21 , . 
R 22 , R 23 , R 24 and R 25 vicinal to one another, taken together 
may form a ring. 

In the above formulas (VIII) and (IX), R 18 corresponds 
to the second ring atom adjacent to the first ring atom 
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bound to the imino nitrogen, and R 21 , R 22 and R 25 correspond 
to the other ring atoms adjacent to the first ring atom. 

In compounds (I) containing (VIII) and (IX), it is par- 
ticularly preferred that: 

if R 18 is a primary carbon group, R 22 is a primary carbon 
group, and R 21 and R 25 are hydrogen; or 

if R 18 is a secondary carbon group, R 22 is a primary car- 
bon 'group or a secondary carbon group, more preferably a 
secondary carbon group, and R 21 and R 25 are hydrogen; or 

if R 18 is a tertiary carbon group (more preferably a 
trihalo tertiary carbon group such as a trihalomethyl) , R 2? 
is a tertiary carbon group (more preferably a trihaloterti- 
ary group such as a trihalomethyl) , and R 21 and R 25 are hydro- 
gen; or 

if R 18 is a halogen, R 22 is a halogen, and R 21 and R 25 aire 
hydrogen . 

In all specific preferred compounds (I) in which (VIII) 
and (IX) appear, it is preferred that R 1 , R 2 and R 3 are hy- 
drogen; and/ or R 4 and R 5 are methyl. It is further preferred 
that : 

R 19 , R 20 , R 21 , R 23 and R 24 are all hydrogen; R 22 is methyl; 
and R 18 is a primary carbon group, more preferably methyl;, or 

R 19 , R 20 , R 21 , R 23 and R 24 are all hydrogen; R 22 is ethyl; 
and R 18 is a primary carbon group, more preferably ethyl; or 

R 19 , R 20 , R 21 , R 23 and R 24 are all hydrogen; R 22 is isopro- - 
pyl; and R 18 is a primary carbon group, more preferably iso- 
propyl; or 

R 19 , R 20 , R 21 , R 23 and R 24 are all hydrogen; R 22 is n- 
propyl; and R 18 is a primary carbon group, more preferably n- 
propyl ; or 

R 19 , R 20 , R 21 , R 23 and R 24 are all hydrogen; R 22 is chloro or 
bromo; and R 18 is a halogen, more preferably chloro or bromo. 
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Compound (I) and its iron complexes {the oligomeriza- 
tion catalyst) may be prepared by a variety of methods, see 
for instance previously incorporated US5955555 and 
US6103946, as well as US6232259 and WO00/08034, both of 
which are also incorporated by reference herein for all pur- 
poses as if fully set forth. 

It is preferred herein to react an iron complex of (I) , 
such as a complex of (I) with FeCl 2/ with the cocatalyst 
(e.g., the alkylaluminum compound), preferably an aluminox- 
ane such as methylaluminoxane, to form an active ethylene 
oligomerization species. The molar ratio of aluminum (as 
alkylaluminum compound) to iron (as a complex) in the oil- : 
gomerization preferably is about 2000 or less. A more pre- 
ferred upper limit is about 1500 or less, still more pref- 
erably about 1000 or less, and especially about 700 or less;' 
and as a lower limit is about 5 or more, more preferably 
about 10 or more, still more preferably about 100 or more, 
even more preferably about 300 or more, and especially about 
500 or more. For clarity, any combination of the aforemen- 
tioned upper and lower limits may be used to define a pre- 
ferred range herein such as, for example, from about 5 to 
about 1500, from about 5 to about 1000, from about 100 to 
about 1000, from about 500 to about 700, and other other 
such combination. 

Another preferred range in accordance with the present 
invention is from about 5 to about 300. Within this range, 
a more preferred lower limit is about, 10 or more, more pref- 
erably about 20 or more, still more preferably about 30. or 
more, and especially about 50 or more; and a more preferred 
upper limit about 200 or less, still more preferably about 
150 or less, and especially about 100 or less. Again for 
clarity, any combination of the aforementioned upper arid 
lower limits may be used to define a preferred range herein.' 
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It should be noted that the above ranges refer to 
steady state operating conditions. Under certain circum- 
stances, it may be beneficial to start the reaction under 
higher Al:Fe ratios then, in the course of the process sta- 
bilizing, lower the Al : Fe ratio to the desired steady state 
level. For example, the reaction could be started at above 
any of the upper ratio limits mentioned above, then reduced 
to the desired level at or above any of the lower ratio lim- 
its mentioned above. 

Preferred alkylaluminum compounds include one or more 
of R 51 3 A1, R 51 A1C1 2 , R 51 2 A1C1, and *R 51 AlO" (alkylaluminoxanes ) , 
wherein R 51 is alkyl containing 1 to 25 carbon atoms, pref- 
erably 1 to 4 carbon atoms. Specific alkylaluminum com- 
pounds include methylaluminoxane (which is an oligomer with 
the general formula (MeAlO)J, (C 2 H5) 2 A1C1, C 2 H 5 A1C1 2 , (C 2 H 5 ) 3 A1 
and ( (CH 3 ) 2 CHCH 2 ) 3 A1. A preferred alkylaluminum compound is 
an aluminoxane, especially methyl aluminoxane. 

The conditions for the oligomerization described in 
previously incorporated US6103946 and United States Appl. 
Ser. No. 09/906,974 (filed July 17, 2001), entitled W MANU- 
; FACTORING PROCESS FOR ALPHA- OLEFINS" (corresponding to PCT 
Appln. PCT/US01/22628, filed July 18, 2001), may otherwise, 
be followed . 

For example, the oligomerization reaction may be run at 
a wide range of temperatures generally ranging from about 
-100°C to about +300°C, preferably about 0°C to about 200°C, 
and more preferably about 20°C to about 100°C. Pressures 
may also vary widely, ranging from an ethylene pressure 
(gauge) of from about 0 kPa to about 35 MPa, more preferably 
from about 500 kPa to about 15 MPa. 

The process may be run in gas or liquid phase, but is 
typically run in liquid phase, preferably using an aprotic 
organic liquid. The process ingredients and products may or 
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may not be soluble in these liquids, but obviously these 
liquids should not prevent the oligomerization from ocur- 
ring. Suitable liquids include alkanes, alkenes, cycloal- 
kanes, selected halogenated hydrocarbons and aromatic hydro- 
carbons. Specific useful liquids include hexane, toluene, 
benzene and the a-olefins themselves. 

The ethylene oligomerizations herein may also initially 
be carried out in the solid state by, for instance, support- 
ing and active catalyst and/or aluminum compound on a sub- 
strate such as. silica or alumina. Alternatively a solution 
of the catalyst precursor may be exposed to a support having 
an alkylaluminum compound on its surface. These n heteroge- 
neous" catalysts may be used to catalyze oligomerization in 
the gas phase or the liquid phase. By n gas phase" is meant 
that the ethylene is transported to contact with the cata- 
lyst particle while the ethylene is in the gas phase. In 
general, the oligomerization may be run as a continuous gas 
phase, solution or slurry processes. 

It is particularly preferred to run the oligomerization 
as ^essentially single phase liquid full", which means that 
at least 95 volume percent of the reactor volume is occupied 
by a liquid that is a single phase. Small amounts of the 
reactor volume may be taken up by gas, for example ethylene 
may be added to the reactor as a gas, which dissolves rap- 
idly under the process conditions. Nevertheless, some small 
amount of dissolving ethylene gas may be present. Not 
counted in the reactor volume is any solid resulting from 
fouling of the reactor. See, for example, previously incor- 
porated United States Appl. Ser. No. 09/ Ser. No. 09/906,974 
(filed July 17, 2001), entitled u MANUFACTURING PROCESS FOR 
ALPHA- OLEFINS" (corresponding to PCT Appln. PCT/US01/22628 , 
filed July 18, 2001) . 
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These molar ratios of Al:Fe described herein are .based 
on the process ingredients, that is, the ingredients com- 
prising the reactor feed; therefore, it is preferred at such 
low molar Al : Fe ratios to purify the process ingredients so 
that the alkylaluminum compounds are not "used up" reacting 
with moisture or other impurities. 

Using the oligomerization catalysts described herein a 
mixture of a-olefins is obtained. A measure of the molecu- 
lar weights of the olefins obtained is factor K from the 
Schulz-Flory theory (see for instance B. Elvers, et al., Ed. 
Ullmann's Encyclopedia of Industrial Chemistry , Vol. A13, 
VCH Verlagsgesellschaft rabH, Weinheim, 1989, p. 243-247 and 
275-276). This is defined as: 

K = n(C n+2 olefin) /n(C n olefin) 
wherein n(C n olefin) is the number of moles of olefin con- 
taining n carbon atoms, and n(C n+2 olefin) is the number of 
moles of olefin containing n+2 carbon atoms, or in other 
words the next higher oligomer of C n olefin. From this can 
be determined the weight (mass) fractions of the various 
olefins in the resulting oligomeric reaction product mix- 
ture. The K factor is preferred to be in the range of about 
0.65 to about 0.8 to make the , a-olefins of the most commer- 
cial interest. This factor can be varied to some extent, 
see for instance previously incorporated US6103946 and 
United States Appln. Ser. No. 09/906,974 (filed July 17, 
2001) , entitled w MANUFACTURING PROCESS FOR ALPHA- OLEFINS" 
(corresponding to PCT Appln. PCT/US01/22628 , filed July 18, 
2001) . 
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CLAIMS 

What is claimed is: 

1. A method for reducing the formation of polyethylene 
waxes and polymers in a continous process for the production 
of a linear a-olefin product, said continuous process com- 
prising the step of contacting, in a continuous reactor, 
process ingredients comprising an ethylene oligomerization . 
catalyst composition, ethylene and a cocatalyst, wherein: 

(a) the ethylene oligomerization catalyst composition 
comprises an iron complex of a compound of the formula 




(I) 



wherein : 

R 1 , R 2 and R 3 are each independently hydrogen, hydrocar- 
byl, substituted hydrocarbyl or an inert functional group, 
provided that any two of R 1 , R 2 and R 3 vicinal to one another 
taken together may form a ring; 

R 4 and R 5 are each independently hydrogen, hydrocarbyl, 
substituted hydrocarbyl or an inert functional group; 

R 6 and R 7 are each independently a substituted aryl hav- 
ing a first ring atom bound to the imino nitrogen, provided 
that: 

in R 6 , a second ring atom adjacent to said first ring 
atom is bound to a halogen, a primary carbon group, a secon-' 
dary carbon group or a tertiary carbon group; and further 
provided that 

in R 6 , when said second ring atom is bound to a halogen 
or a primary carbpn group, none, one or two of the other 
ring atoms in R 6 and R 7 adjacent to said first ring atom are • 
bound to a halogen or a primary carbon group, with the re- 
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mainder of the ring atoms adjacent to said first ring atom 
being bound to a hydrogen atom; or 

in R 6 f when said second ring atom is bound to a secon- 
dary carbon group, none, one or two of the other ring atoms 
in R 6 and R 7 adjacent to said first ring atom are bound to a 
halogen, a primary carbon group or a secondary carbon group, 
with the remainder of the ring atoms adjacent to said first 
ring atom being bound to a hydrogen atom; or 

in R 6 , when said second ring atom is bound to a tertiary 
carbon group, none or one of the other ring atoms in R 6 and 
R 7 adjacent to said first ring atom are bound to a tertiary 
carbon group, with the remainder of the ring atoms adjacent 
to said first. ring atom being bound to a hydrogen atom; and 

(b) the cocatalyst comprises an alkyl aluminum com- 
pound; 

said method for reducing comprising the step of contacting 
said process ingredients in amounts such that the molar ra- 
tio of Al in the cocatalyst to Fe in the ethylene oligomeri- 
zation catalyst is about 2000 or less. 

2. The method of claim 1, wherein said molar ratio is 
from about 100 to about 1500. 

3. The method of claim 1, wherein said molar ratio is 
from about 300 to about 1000. 

4. The method of claim 1, wherein said molar ratio is 
from about 500 to about 700. 

5. The method of claim 1, wherein said molar ratio is 
from about 5 to about 300. 

6. The method of claim 1, wherein the continuous reac- 
tor is essentially single phase liquid full. 

7 . A continuous process for the production of a linear 
a-olefin product, the process comprising the step of con- 
tacting, in a continuous reactor, process ingredients com-' 
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prising an ethylene oligomerization catalyst composition, 
ethylene and a cocatalyst, wherein: 

(a) the ethylene oligomerization catalyst composition 
comprises an iron complex of a compound of the formula 

R 4 

R 1 




R 

# «' (I) 

wherein: 

R 1 , R 2 and R 3 are each independently hydrogen, hydrocar- 
byl, substituted hydrocarbyl or an inert functional group/ 
provided that any two of R 1 , R 2 and R 3 vicinal to one another 
taken together may form a ring; 

R 4 and R 5 are each independently hydrogen, hydrocarbyl, 
substituted hydrocarbyl or an inert functional group; 

• R 6 and R 7 are each independently a substituted aryl hav- 
ing, a first ring atom bound to the imino .nitrogen, provided 
that: . 

in R 6 , a second ring atom adjacent to said first ring 
atom is bound to a halogen, a primary carbon group, a secon- 
dary carbon group or a tertiary carbon group; and further 
provided that 

in R 6 , when said second ring atom is bound to a halogen 
or a primary carbon group, none, one or two of the other 
ring atoms in R 6 and R 7 adjacent to said first ring atom are 
bound to a halogen or a primary carbon group, with the , re- 
mainder of the ring atoms adjacent to said first ring atom 
being bound to a hydrogen atom; or 

in R 6 , when said second ring atom is bound to a secon- 
dary carbon group, none, one or two of the other ring atoms 
in R 6 and R 7 adjacent to said first ring atom are bound to a. 
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halogen, a primary carbon group or a secondary carbon group, 
with the remainder of the ring atoms adjacent to said first 
ring atom being bound to a hydrogen atom; or 

in R 6 , when said second ring atom is bound to a tertiary 
carbon group, none or one of the other ring atoms in R 6 and 
R 7 adjacent to said first ring atom are bound to a tertiary 
carbon group, with the remainder of the ring atoms adjacent 
to said first ring atom being bound to a hydrogen atom; and 

(b) the cocatalyst comprises an alkyl aluminum com- 
pound; 

characterized in that the molar ratio of Al in the co- 
catalyst to Fe in the ethylene oligomerization catalyst is 
from about 5 to about 3 00, 

8. The process of claim 7, wherein the continuous reac- 
tor is essentially single phase liquid full. 
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PREPARATION OF POLYMERISATION CATALYSTS 

The present invention relates to a novel process for preparing transition metal 
compounds used as polymerisation catalysts. 

The use of certain transition metal compounds to polymerise 1 -olefins, for 
example, ethylene, is well established in the prior art. The use of Ziegler-Natta catalysts, 
5 for example, those catalysts produced by activating titanium halides with organometallic 
compounds such as triethylaluminium, is fundamental to many commercial processes for 
manufacturing polyolefins. In recent years the use of certain metallocene catalysts (for 
example biscyclopentadienylzirconiumdichloride activated with alumoxane) has provided 
catalysts with potentially high activity and capable of providing an improved distribution 
10 of the comonomer units. Most recently, W098/27124 has disclosed that ethylene may be 
polymerised by contacting it with certain iron or cobalt complexes of selected 2,6- 
pyridinecarboxaldehydebis(imines) and 2,6-diacylpyridinebis(imines); and our own 
copending application WO 99/12981 has disclosed novel nitrogen-containing transition 
metal compounds comprising the skeletal unit depicted in Formula B: 
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wherein M is Fe[II], Fe[III], Co[I], Co[n], Co[m], Mn[I], Mn[II], Mn[ffl], Mn[IV], 
Ru[II], Ru[III] orRu[IV]; X represents an atom or group covalently or ionically bonded 
to the transition metal M; T is the oxidation state of the transition metal M and b is the 

5 valency of the atom or group X; R l , R 2 , R 3 , R 4 , R 5 , R 6 and R 7 are independently selected 
from hydrogen, halogen, hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl or 
substituted heterohydrocarbyl; and when any two or more of R 1 - R 7 are hydrocarbyl, 
substituted hydrocarbyl, heterohydrocarbyl or substituted heterohydrocarbyl, said two or 
more can be linked to form one or more cyclic substituents. 

10 The above transition metal complexes are disclosed as being made by first 

forming the ligand (eg Examples 1 to 6 of WO 98/27124) and then separately reacting 
the ligand with the desired metal salt such as FeCl 2 or CoCb(eg Examples 7 to 17 of 
WO 98/27124) to form the complex. This route is also exemplified in WO 99/12981, for 
example in the synthesis of 2,6-diacetylpyridinebis(2,6-diisopropylanil)FeCl2 (Formula D 

15 below), where the reaction scheme is shown as follows: 
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Hitherto, it has been considered necessary to complete the reaction between 
Intermediates B and C to form Intermediate A (the ligand), and to isolate Intermediate A 
from Intermediates B and C prior to reacting with the transition metal compound to form 
5 the transition metal complex compound (Formula B). However we have now discovered 
that this two step process can in fact be performed as a single stage reaction, using, for 
example, a single reaction vessel. This provides substantial process and economic 
advantages. 

Accordingly a first aspect of the present invention provides a process for 
10 producing a transition metal complex of the formula 




Formula B 



20 

wherein M is Fe[II], Fe[III], Co[I], Co[II], Co[III], Mn[I], Mn[II], Mn[III] 3 Mn[IV], 
Ru[II], Ru[ffl] or Ru[IV]; X represents an atom or group covalently or ionically bonded 
to the transition metal M; T is the oxidation state of the transition metal M and b is the 
valency of the atom or group X; R l , R 2 , R 3 , R 4 , R 5 , R 6 and R 7 are independently selected 

25 from hydrogen, halogen, hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl or 
substituted heterohydrocarbyl; and when any two or more of R 1 - R 7 are hydrocarbyl, 
substituted hydrocarbyl, heterohydrocarbyl or substituted heterohydrocarbyl, said two or 
more can be linked to form one or more cyclic substituents; 
comprising reacting together in a single stage reaction components comprising (1) 

30 precursors capable of forming Ligand B 
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and (2) a compound of the formula M[T]-(T/b)X. 

The reaction is preferably carried out in a single reaction vessel. 
10 In the process of the present invention, the final product is obtained directly in a 

single stage reaction, without the need for any additional process steps: however at a 
molecular level the reaction may of course still proceed through more than one step. 

Preferred transition metal complexes to be made by the process of the present 
invention comprise the skeletal unit depicted in Formula Z: 




Formula Z 



30 wherein M is Fe[II], Fe[III], Co[I], Co[II], Co[III], Mn[I], Mn[II], Mn[III], Mn[IV], 

Ru[II], Ru[III] or Ru[IV]; X represents an atom or group covalently or ionically bonded 
to the transition metal M; T is the oxidation state of the transition metal M and b is the 
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valency of the atom or group X; R 1 to R 4 , R 6 and R 19 to R 28 are independently selected 
from hydrogen, halogen, hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl or 
substituted heterohydrocarbyl; when any two or more of R 1 to R 4 , R 6 and R 19 to R 28 are 
hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl or substituted 
5 heterohydrocarbyl, said two or more can be linked to form one or more cyclic 

substituents; with the proviso that at least one of R 19 , R 20 , R 21 and R 22 is hydrocarbyl, 
substituted hydrocarbyl, heterohydrocarbyl or substituted heterohydrocarbyl when 
neither of the ring systems P and Q forms part of a polyaromatic fused-ring system. In 
this particular aspect of the present invention, in the case that neither of the ring systems 

10 P and Q forms part of a polyaromatic ring system, it is preferred that at least one of R 19 
and R 20 , and at least one of R 21 and R 22 is selected from hydrocarbyl, substituted 
hydrocarbyl, heterohydrocarbyl or substituted heterohydrocarbyl, and most preferably 
each of R 19 , R 20 , R 21 and R 22 is selected from hydrocarbyl, substituted hydrocarbyl, 
heterohydrocarbyl or substituted heterohydrocarbyl. The atom or group represented by 

15 X is preferably halide, sulphate, nitrate, thiolate, thiocarboxylate, BF 4 ", PF 6 ", hydride, 
hydrocarbyloxide, carboxylate, hydrocarbyl, substituted hydrocarbyl and 
heterohydrocarbyl. Examples of such atoms or groups are chloride, bromide, methyl , 
ethyl, propyl, butyl, octyl, decyl, phenyl, benzyl, methoxide, ethoxide, isopropoxide, 
tosylate, triflate, formate, acetate, phenoxide and benzoate. 

20 Subject to the foregoing provisos regarding R 19 , R 20 , R 21 and R 22 in Formula Z, 

R 1 to R 4 , R 6 and R 19 to R 28 in the compounds depicted in Formulae B and Z of the 
present invention are preferably independently selected from hydrogen and d to C 8 
hydrocarbyl, for example, methyl, ethyl, n-propyl, n-butyl, n-hexyl, and n-octyl. In 
Formula B, R $ and R 7 are preferably independently selected from substituted or 

25 unsubstituted alicyclic, heterocyclic or aromatic groups, for example, phenyl, 1-naphthyl, 
2-naphthyl, 2-methylphenyl, 2-ethylphenyl, 2,6-diisopropylphenyl, 2,3-diisopropylphenyl, 
2,4-diisopropylphenyl, 2,6-di-n-butylphenyl, 2,6-dimethylphenyl, 2,3-dimethylphenyl, 
2,4-dimethylphenyl, 2-t-butylphenyl, 2,6-diphenylphenyl, 2,4,6-trimethylphenyl, 2,6- 
trifluoromethylphenyl, 4-bromo-2,6-dimethylphenyl, 3,5 dichloro2,6-diethylphenyl, and 

30 2,6,bis(2,6-dimethylphenyl)phenyl, cyclohexyl and pyridinyl. 

The ring systems P and Q in Formula Z are preferably independently 2,6- 
hydrocarbylphenyl or fused-ring polyaromatic, for example, 1-naphthyl, 2-naphthyl, 1- 
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phenanthrenyl and 8-quinolinyl. 

A further aspect of the present invention provides process for producing a 
transition metal complex having the Formula T: 

5 




wherein M is Fe[II], Fe[III], Co[I], Co[II], Cofffl], Mn[I], Mn[II], Mn[ni], Mn[IV], 
20 Ru[II], Ru[III] orRu[IV]; X represents an atom or group covalently or ionically bonded 
to the transition metal M; T is the oxidation state of the transition metal M and b is the 
valency of the atom or group X; R 1 to R 4 , R 6 and R 29 to R 32 are independently selected 
from hydrogen, halogen, hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl or 
substituted heterohydrocarbyl; when any two or more of R 1 to R 4 , K c and R 29 to R 32 are 
25 hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl or substituted 

heterohydrocarbyl, said two or more can be linked to form one or more cyclic 
substituents, 

comprising reacting together in a single stage reaction components comprising (1) 
precursors capable of forming Ligand T 
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and (2) a compound of the formula M[T]-(T/b)X. 

10 Examples of complexes which may be made by the process of the invention 

include 2,6-diacetylpyridinebis(2,6-diisopropylanil)FeCl2, 
2,6-diacetylpyridinebis(2,4,6-trimethylanil)FeCl2, 2,6-diacetylpyridine(2,6- 
diisopropylanil)CoCl 2 , 2,6-diacetylpyridinebis(2 J 4,6-trimethylanil)FeCl 2 , 2,6- 
diacetylpyridinebis(2,6-dimethylanil)FeCl 2 , and 2,6-diacetylpyridinebis(2,4-dimethylanil) 

15 FeCl 2 . 

In the process of the present invention it is preferred that the components (1) and 
(2) of the reaction are brought together substantially simultaneously. However, if 
desired, they may be brought together in quick succession in any order. 

Preferably the reaction between components (1) and (2) is carried out in the 
20 presence of an acidic catalyst. Examples of acidic catalysts include glacial acetic acid, p- 
toluenesulphonic acid and formic acid. 

It is preferred to carry out the reaction in the presence of a liquid diluent. Most 
preferably the diluent is a solvent for one or more of the components of the reaction. 
Examples of suitable liquid diluents are liquid hydrocarbons, for example toluene, 
25 xylene, hexane and cyclohexane, or alcohols, for example, ethanol, isopropanol or 1- 
butanol.. 

The reaction is preferably carried out at temperatures between 0°C and 150°C. 
Preferably the reaction is heated, typically to a temperature between 50°C and 130°C, 
more usually to between 70 to 1 10°C. 
30 The time for the reaction may be, for example, from 5 minutes to 72 hours, 

though it is more usually between 12 and 48 hours, typically 18 to 36 hours. 
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The ligand precursors employed in the reaction process of the present invention 
to make the "Ligand B" preferably comprise a compound of the Formula K 



5 




Formula K 

10 

plus compounds H2NR 5 and H 2 NR 7 , where R 1 to R 7 are as defined above. When R 5 and 
R 7 are the same, two equivalents of the same amine compound are of course used. When 
R 5 and R 7 are the different and two amines are used, a mixture of products may be 
15 obtained, with R 5 and R 7 being either the same or different on an individual molecule. 
The ligand precursors employed in the reaction to make the "Ligand T" preferably 
comprise a compound of the Formula K 



20 




Formula K 

25 

plus compounds H 2 N-NR 29 R 30 and H 2 N-NR 31 R 32 , where R 1 to R 4 , R 6 , R 29 , R 30 , R 31 and 
R 32 are as defined above. When H 2 N-NR 29 R 30 and H 2 N-NR 31 R 32 are the same, two 
equivalents of the same amine compound are used. When H 2 N-NR 29 R 30 and 
30 H 2 N-NR 31 R 32 are the different, a mixture of products may be obtained, with -NR 29 R 30 
and -NR 3l R 32 being either the same or different on an individual molecule. 
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In the process of the present invention, M and X in the compound of the formula 
M[T]-(T/b)X [component (2)]are as defined in the Formulae B, Z and T as set out 
above. Examples of compounds of the formula M[T]-(T/b)X are FeCl 2 , MnCl 2 , CoCl 2 , 
FeBr 2 , CoBr 2 and FeCl 3 . Preferred metals M[T] are Fe[II], Fe[III], Co[II] and Co[IH]. 
5 The process of the present invention can be used to produce mixtures of 

complexes containing two or more different transition metals, for example, by employing 
two or more different transition metal compounds of formula M[T]-(T/b)X as the 
component (2). 

The complexes made according to the process of the invention may be used 

10 directly as polymerisation catalysts. Alternatively they may be combined with an 
activator. The activator compound is suitably selected from organoaluminium 
compounds and hydrocarbylboron compounds. Suitable organoaluminium compounds 
include trialkyaluminium compounds, for example, trimethylaluminium, 
triethylaluminium, tributylaluminium, tri-n-octylaluminium, ethylaluminium dichloride, 

15 diethylaluminium chloride and alumoxanes. Alumoxanes are well known in the art as 
typically the oligomeric compounds which can be prepared by the controlled addition of 
water to an alkylaluminium compound, for example trimethylaluminium. Such 
compounds can be linear, cyclic or mixtures thereof. Commercially available alumoxanes 
are generally believed to be mixtures of linear and cyclic compounds. The cyclic 

20 alumoxanes can be represented by the formula [R 16 A10] S and the linear alumoxanes by 
the formula R 17 (R 18 A10) S wherein s is a number from about 2 to 50, and wherein R , 
R 17 , and R 18 represent hydrocarbyl groups, preferably Ci to Q alkyl groups, for example 
methyl, ethyl or butyl groups. 

Examples of suitable hydrocarbylboron compounds are 

25 dimethylphenylammoniumtetra(phenyl)borate, trityltetra(phenyl)borate, triphenylboron, 
dimethylphenylammonium tetra(pentafluorophenyl)borate, sodium 
tetrakis[(bis-3,5-trifluoromethyl)phenyl]borate, H + (OEt 2 )[(bis-3,5- 
trifluoromethyl)phenyl]borate, trityltetra(pentafluorophenyl)borate and 
tris(pentafluorophenyl) boron. 

30 The quantity of activating compound selected from organoaluminium compounds 

and hydrocarbylboron compounds for the process for making the polymerisation catalyst 
is easily determined by simple testing, for example, by the preparation of small test 
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samples which can be used to polymerise small quantities of the monomer(s) and thus to 
determine the activity of the produced catalyst. It is generally found that the quantity 
employed is sufficient to provide 0.1 to 20,000 atoms, preferably 1 to 2000 atoms 
of aluminium or boron per Fe, Co, Mn or Ru metal atom in the compound of Formula B. 

If desired, the preparation of the polymerisation catalyst can be carried out in the 
same vessel as the preparation of the transition metal complex by the process of the 
present invention. 

Catalysts made with complexes prepared according to the present invention can 
be unsupported or supported on a support material, for example, silica, alumina, or 
zirconia, or on a polymer or prepolymer, for example polyethylene, polystyrene, or 
poly(aminostyrene). If desired the catalysts can be formed in situ in the presence of the 
support material, or the support material can be pre-impregnated or premixed, 
simultaneously or sequentially, with one or more of the catalyst components. The 
catalysts can if desired be supported on a heterogeneous catalyst, for example, a 
magnesium halide supported Ziegler Natta catalyst, a Phillips type (chromium oxide) 
supported catalyst or a supported metallocene catalyst. Formation of the supported 
catalyst can be achieved for example by treating the transition metal compounds of the 
present invention with alumoxane in a suitable inert diluent, for example a volatile 
hydrocarbon, slurrying a particulate support material with the product and evaporating 
the volatile diluent. The quantity of support material employed can vary widely, for 
example from 100,000 to 1 grams per gram of metal present in the transition metal 
compound. 

If it is desired to use the catalyst on a support material (see below), this can be 
achieved, for example, by preforming the catalyst system comprising the transition metal 
complex and the activator and impregnating the support material preferably with a 
solution thereof, or by introducing to the support material one or more of the 
components simultaneously or sequentially. 

EXAMPLES 
Preparation of complexes 

2,6-pyridyldiimine iron(II)dichloride complexes of the formula below were produced by 
the process of the invention. 
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1 R=H, 

2 R = Me, 

3 R = H, 



Ar = 2,4,6-trimethylanil 
Ar = 2,4,6-trimethylanil 
Ar = 2,6-diethylanil 



10 



15 



20 



25 



Example 1 

Preparation of 1 - ^^-dialdiminepvridinebis^^^-trimethvlanin FeCl 2 1 

To a schlenk tube, under a nitrogen atmosphere, 2,6-pyridinedicarboxaldehyde 
(1.2equivs, 0.054g, 0.397mmol), anhydrous iron(II)dichloride (leq, 0,042g, 0.33 lmmol) 
and 2,4,6-trimethylaniline (2.5eq, 0.12ml, 0.828 mmol) were added followed by n- 
butanol (40ml, dry) to form a yellow suspension. The reaction mixture was heated at 
80°C for 20h to produce a brown precipitate. Solvent removed at the pump and the 
residue washed, ether (6x30ml) to yield a brown solid (0. lOlg, 62%), 

1. FAB + MS m/z 495 [NT], 460 [IVf-Cl], 422 [NT-2C1], 368 [Nf-FcCy. 
IR v(C=N) 1632cm" 1 . No other ON peaks were observed in the IR. 

Example 2 

Preparation of 2 - [2.6-diacetvlpvridinebisr2.4.6-trimethvlanin FeCl 2 1 

To a schlenk tube, under a nitrogen atmosphere, 2,6-diacetylpyridine (1.2eq, 
0.054g, 0.397mmol), anhydrous iron(II)dichloride (leq, 0.042g 7 0.33 lmmol), 2,4,6- 
trimethylaniline (2.5eq, 0.12ml, 0.828 mmol) and glacial acetic acid (3 drops, catalyst) 
were added followed by w-butanol (40ml, dry). The reaction mixture was heated at 80°C 
for 24h to produce a dark blue precipitate. Solvent removed at the pump and the residue 
washed, ether (4x30ml) to yield a dark blue solid (0.1 37g, 83%), 

2. FAB* MS m/z 523 [M*], 488 [M*-C1], 453 [M^Cl] 
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Example 3 

Preparation of 3- [2.6-diacety1pvridinebisf2.6-diethvlani0 FeClj 
Anhydrous iron(II)dichloride (0.095g, 0.750mmol) 2,6-pyridinedicarboxaldehyde (1.2eq, 
5 0. 122g, 0.900mmol), and 2,6-diethylaniline (2.5eq, 0.3 10ml, 1 .875 mmol) were added to 
a Schlenk tube, followed by n-butanol (40ml), and were heated at 80°C for 48h. A green 
precipitate appeared after lOmin. Solvent was removed at the pump to yield, upon 
washing with ether (4 x 40ml), a green solid. FAB + MS m/z 523 [M*], 488 [M*-C1], 453 
[M+-2C1]. 

10 

Polymerisation using complexes prepared above 

To a Schlenk tube, catalyst (0.01 mmol) and toluene (40ml, dry) were added 
followed by methylalumoxane (10%w/w in toluene, lOOeq, 0.65ml, l.OOmmol) to form 
an orange solution. The Schlenk tube was placed in a water bath at ambient temperature. 
15 Ethylene atmosphere (1 bar) was passed over the solution for 30 minutes. The reaction 
was then quenched by addition of dilute HC1 (40ml), and the resulting polymer filtered 
and washed with methanol (3x50ml) to yield, upon diying in vacuum oven, solid 
polyethylene. 

20 Example 4 

Polymerisation using 1 - [2.6-dialdiminepyridinebisf2.4.6-trimethylaniD FeCl?1 

Complex 1, (O.Olmmol, 4.96mg), yielded 6.20g polyethylene giving an activity of 

1240 gmmorVbar" 1 . 

PE, Mw= 46000, PDI= 18.0, M PK = 1400 

25 

Example 5 

Polymerisation using 2 - [2 < 6-diacetvlpvridinebis(2A6-trimethvlaniO FeCl 2 1 

Complex 2, (O.Olmmol, 5.24mg), yielded 4.35g polyethylene giving an activity of 
870 gmmorVbar* 1 . 
30 PE, Mw= 80 000, PDI= 21.0, M PK = 70 000. 

These results show that the process of the invention provides catalysts which are as 
effective as those produced by the known two-stage process. 
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Claims: 

1 . Process for producing a transition metal complex of the formula 



5 




(T/b).X 



Formula B 

10 

wherein M is Fe[II], Fe[III], Co[I], Co[II], Co[III], Mn[I], Mn[H], Mn[III], Mn[IV], 
Ru[II], Ru[III] or Ru[IV]; X represents an atom or group covalently or ionically bonded 
to the transition metal M; T is the oxidation state of the transition metal M and b is the 

15 valency of the atom or group X; R 1 , R 2 , R 3 , R 4 , R 5 , R 6 and R 7 are independently selected 
from hydrogen, halogen, hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl or 
substituted heterohydrocarbyl; and when any two or more of R 1 - R 7 are hydrocarbyl, 
substituted hydrocarbyl, heterohydrocarbyl or substituted heterohydrocarbyl, said two or 
more can be linked to form one or more cyclic substituents; 

20 comprising reacting together in a single stage reaction components comprising (1) 
precursors capable of forming Ligand B 
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and (2) a compound of the formula M[T]-(T/b)X. 

2. Process according to claim 1 which is carried out in a single reaction vessel. 
10 3. Process according to claim 1 or 2 wherein components (1) and (2) of the reaction 
are brought together substantially simultaneously. 

4. Process according to any preceding claim wherein the reaction between 
components (1) and (2) is carried out in the presence of an acidic catalyst. 

5. Process according to claim 4 wherein the acidic catalyst comprises glacial acetic 
15 acid, p-toluenesulphonic acid or formic acid. 

6. Process according to any preceding claim wherein the reaction is carried out in 
the presence of a liquid diluent. 

7. Process according to claim 6 wherein the diluent comprises toluene, xylene, 
hexane, cyclohexane, ethanol, isopropanol or 1-butanol. 

20 8. Process according to any preceding claim wherein the reaction is carried out at a 
temperature of from 50°C to 130°C. 

9. Process according to any preceding claim wherein the transition metal complex 
has the skeletal unit depicted in Formula Z: 
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Formula Z 



15 wherein M is Fe[II], Fefffl], Co[I], Co[II], Co[III], Mn[I], Mn[II], Mn[III], Mn[IV], 
Ru[II], Ru[III] or Ru[IV]; X represents an atom or group covalently or ionically bonded 
to the transition metal M; T is the oxidation state of the transition metal M and b is the 
valency of the atom or group X; R 1 to R\ R 6 and R 19 to R 28 are independently selected 
from hydrogen, halogen, hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl or 

20 substituted heterohydrocarbyl; when any two or more of R 1 to R 4 , R 6 and R 19 to R 28 are 
hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl or substituted 
heterohydrocarbyl, said two or more can be linked to form one or more cyclic 
substituents; with the proviso that at least one of R 19 , R 20 , R 21 and R 22 is hydrocarbyl, 
substituted hydrocarbyl, heterohydrocarbyl or substituted heterohydrocarbyl when 

25 neither of the ring systems P and Q forms part of a poly aromatic fused-ring system. 
10. Process according to claim 9 wherein the reactants comprise 
(la) a compound of the Formula K 
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Formula K 



10 (lb) compounds having the formulae H 2 NR 5 and H 2 NR 7 , and 
(2) a compound of the formula M[T]-(T/b)X. 

1 1 . Process according to any preceding claim wherein R 5 and R 7 are independently 
selected from phenyl, 1-naphthyl, 2-naphthyl, 2-methylphenyl, 2-ethylphenyl, 
2,6-diisopropylphenyl, 2,3-diisopropylphenyl, 2,4-diisopropylphenyl, 2,6-di-n- 

15 butylphenyl, 2,6-dimethylphenyl, 2,3-dimethylphenyl, 2,4-dimethylphenyl, 2-t- 

butylphenyl, 2,6-diphenylphenyl, 2,4,6-trimethylphenyl, 2,6-trifluoromethylphenyl, 4- 
bromo-2,6-dimethylphenyl, 3,5 dichloro2,6-diethylphenyl, and 2,6,bis(2,6- 
dimethylphenyl)phenyl, cyclohexyl and pyridinyl. 

12. Process according to any of claims 1 to 8 wherein the transition metal complex 
20 has the skeletal unit depicted in Formula T: 



25 
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/ Formula T 

R 32 

10 wherein R 29 to R 32 are independently selected from hydrogen, halogen, hydrocarbyl, 
substituted hydrocarbyl, heterohydrocarbyl or substituted heterohydrocarbyl; when any 
two or more thereof are hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl or 
substituted heterohydrocarbyl, said two or more can be linked to form one or more cyclic 
substituents. 

15 13. Process according to claim 12 wherein the reactants comprise 
(la) a compound of the Formula K 



20 




Formula K 



25 

(lb) compounds having the formulae H 2 N-NR 29 R 30 and H 2 N-NR 31 R 32 , and 
(2) a compound of the formula M[T]-(T/b)X. 

14. Process according to any preceding claim wherein X comprises halide, sulphate, 
nitrate, thiolate, thiocarboxylate, BF 4 \ PF 6 ", hydride, hydrocarbyloxide, carboxylate, 
30 hydrocarbyl, substituted hydrocarbyl or heterohydrocarbyl. 
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15. Process according to claim 14 wherein X comprises chloride, bromide, methyl , 
ethyl, propyl, butyl, octyl, decyl, phenyl, benzyl, methoxide, ethoxide, isopropoxide, 
tosylate, triflate, formate, acetate, phenoxide and benzoate. 

16. Process according to any preceding claim wherein M[T] comprises Fe[II], 
5 Fe[III], Co[II] or Co[III]. 

17. Process acccording to any of claims 1 to 1 1, wherein the transition metal 
complex comprises 2,6-diacetylpyridinebis(2,6-diisopropylanil)FeCl 2 , 
2,6-diacetylpyridinebis(2,4,6-trimethylanil)FeCl2, 2,6-diacetylpyridine(2,6- 
diisopropylanil)CoCl 2 , 2,6-diacetylpyridinebis(2,4,6-trimethylanil)FeCl 2 , 2,6- 

10 diacetyipyridinebis(2,6-dimethylanil)FeCl 2 , or 2,6-diacetylpyridinebis(2,4-dimethylanil) 
FeCl 2 . 
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